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Abstract 
Two new tetradentate tripodal ligands (L1 and L2) have been synthesized via Schiff base condensation 
of tris(2-aminoethyl)amine (tren) with 4-(4-pyridinyl)benzaldehyde or 4-(3-pyridinyl)benzaldehyde in 
ethanol. Four Cu(I) complexes [CuL1]PF6, [CuL1]I, [CuL2]PF6 and [CuL2]I (1-4) have been prepared 
and characterised by NMR, HR-MS, SEM-EDS, FT-IR, Raman and UV-Vis measurements. X-ray 
structures for 1 and 4 are presented. In both structures, the four-coordinate copper(I) centres are bound 
within the cavity defined by the tren backbone. In such Cu(I) complexes, steric considerations dictate 
that the three uncoordinated pyridine nitrogen donors will have their coordination vectors oriented in 
a mutually divergent manner suitable for coordination to three different metal centres and thus are 
preorganized to act as new tripodal metalloligands. 
 
1. Introduction 
Recently, the design and synthesis of metalloligands for use as building blocks in supramolecular 
chemistry has been of increasing interest [1-3] due to their usefulness for precisely controlling the 
construction of larger homo or hetero metallo-supramolecular entities. Despite considerable effort 
devoted to the development of different metalloligand types, their synthesis for use in producing new 
supramolecular architectures with designed properties remains a significant challenge[4-10].  
Mononuclear tripodal complexes incorporating uncoordinated secondary donor sites consisting of 
pyridine [4,9,11,12] and imidazolate [4,8] nitrogens are typical examples of metalloligands. In these, 
uncoordinated donor sites at the terminus of each arm of the tripodal complex are available for 
coordination to a second metal ion.  
Tris(2-aminoethyl)amine (tren), incorporating a classic tripodal backbone, is well documented to 
form complexes with a wide range of transition, post-transition and rare earth metal ions. 
Condensation of 4-formylimidazole with tren in a 3:1 ratio yields the corresponding “extended” 
tripodal ligand which, for example, forms 1:1 complexes with Fe(III) or Ln(III) ions, leaving the three 
imidazole NH groups available (following deprotonation) for coordination to additional metal centres 
[4,8]. Such an outcome was recently demonstrated for this system by our group [4,8] using both the 
Fe(III) and the Dy(III) metalloligands; we were successful in preparing discrete heterometallic 
Fe(III)/Cu(II) or Dy(III)/Cu(II) polyhedral nanocages. As above, both symmetrical and unsymmetrical 
metalloligands have been reported by employing metal ions with different coordination number and 
geometries.  
As an extension of our previous studies involving tripodal metalloligands incorporating Fe(III) and 
Dy(III), we now describe the design and preparation of two new Cu(I) metalloligands using the 
tetradentate ligands L1 and L2 (see below). A key feature of our design was to incorporate longer 
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aromatic components that would give rise to larger void cavities as well as providing (potential) 
additional pi-pi interactions sites that could aid subsequent host-guest studies.  
 
2. Results and discussion 
The Schiff base C3-symmetric tetradentate ligands L1 and L2 were prepared in 73% and 76% yield, 
respectively, from the reaction of tren with 4-(4-formylphenyl)pyridine or 4-(3-
pyridinyl)benzaldehyde employing slight modifications of reported procedures [13-15]. 1H and 13C 
NMR spectra (Figures S1-4) and high resolution electrospray ionization (HR-ESI) mass spectrometry 
results were consistent with the proposed structures of L1 and L2, with the NMR spectra confirming 
the formation of highly symmetric (C3) species. In the HR-mass spectra (Figure S5-6), major peaks 
for [L+H]+ were observed at m/z 642.3224 (for L1) and m/z 642.3390 (for L2), the appropriate isotope 
patterns for [L+H]+ were evident (inserts in Figure S5-6) with the isotopic distributions in excellent 
agreement with their simulated patterns. The Cu(I) metalloligands [CuL1]PF6 (1), [CuL1]I (2), 
[CuL2]PF6 (3) and[CuL2]I (4) were obtained as air stable orange solids upon addition of the 
appropriate copper (I) salt to L1or L2 in methanol with the yields ranging from 51 to 66%. 1H NMR 
spectra (Figure S7-10) of complexes 1-4 and 13C NMR for 1 and 4 (Figure S11 and S12) were 
successfully obtained. The proton signals for the aromatic ring and the -CH2- bridges between N 
donors in the tren backbone are significantly shifted relative to the respective free ligands. 
Single crystals of 1 and 4 were employed for X-ray crystallographic analyses. Complex 1
 
crystallises in the monoclinic space group P21/c with one complex in the asymmetric unit. The Cu(I) 
centre adopts a distorted tetrahedral geometry with approximate C3-symmetry, coordinating to each of 
the four “tren” nitrogen atoms of the ligand (Figure 1). The coordination geometry resembles a 
trigonal bipyramidal arrangement with one of the axial ligands removed such that it approximates a 
“triangular-based pyramidal” geometry. The Cu-Nimine bond lengths are in the range of 2.001(4) Å – 
2.009(5) Å and the Cu-Ntertiary is a slightly longer at 2.189(5) Å. The Nimine-Cu-Nimine angles are close 
to 120° (118.84(17) - 121.23(18) °) and the Nimine-Cu-Ntertiary angles are in the range 84.88(18) - 
85.60(17)°. The phenylpyridine groups are involved in intramolecular edge-face pi-pi stacking between 
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the three adjacent phenyl moieties and the adjacent three pyridyl groups indicated by CH-centroid 
distances of 3.0 – 3.5 Å. 
 
             
Figure 1. Schematic representations of the X-ray crystal structure of [CuL1]PF6. The anion is not 
shown. 
Each complex interacts with two adjacent complexes through relatively weak  intermolecular 
offset face-to-face pi-stacking between the phenylene and electron-poor pyridine groups (C-centroid 
separation, 3.6 Å) forming a one-dimensional chain that extends parallel to the crystallographic c-axis 
(Figure 2). These chains are arranged into undulating two-dimensional cationic layers in the bc-plane 
separated by hexafluorophosphate anions which are involved in weak hydrogen bonding (CH ··· F 
distances 2.39 - 2.59 Å) with both aromatic and imine hydrogen atoms acting as donors.  
 
Figure 2. Schematic representation of part of the packing in the X-ray crystal structure of 1, 
illustrating the one-dimensional polymer formed via weak pi-pi stacking. Anions not shown. 
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Complex 4 crystallises in the trigonal space group R3¯ with one third of the molecule in the 
asymmetric unit. The molecular and coordination geometry is almost identical to that of 1
 
with the 
copper(I) centre again adopting a similarly distorted tetrahedral (“triangular-based pyramidal”) 
geometry (Figure 3).  
        
Figure 3. Schematic representations of the X-ray crystal structure of 4. The anion is not shown. 
Selected bonds and angles: Cu – Ntertiary 2.167(4) Å, Cu – Nimine 2.024(2) Å; Nimine – Cu – Nimine 
119.433(18) °, Nimine – Cu –Ntertiary 85.66(7) °. 
Again, adjacent cations undergo pi-pi stacking; however, each [CuL2]+ ion interacts with three 
others forming a honey-comb like (6,3) arrangement that forms infinite sheets in the crystallographic 
ab-plane. The iodide counter-ions are situated in the cavities between the lattice of cations (Figure 4), 
each surrounded by a nearly spherical array of twelve aromatic and imine hydrogen atoms (CH ··· I 
separations, 3.22 – 3.45 Å). 
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Figure 4. Schematic representation of part of the packing in the X-ray crystal structure of [CuL2]I, 
illustrating the two-dimensional polymer network formed weak pi-pi stacking.  
In addition, the measured PXRD patterns for 1 (Figure 5) and 4 (Figure 6) are in good agreement 
with the corresponding PXRD patterns calculated from the single crystal data, suggesting that single 
phase materials have been prepared in both cases 
 
Figure 5. PXRD patterns of complex 1 with the measured (black) at the bottom and the simulated 
(red) on top. 
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Figure 6. PXRD patterns of complex 4 with the measured (black) at the bottom and the simulated 
(red) on top. 
Scanning electron microscopy (SEM) photographs (Figure S13-16) indicated that the complexes 1, 
3 and 4 are formed in crystals whereas 2 is a powder, and that 3 undergoes rapid decay due to loss of 
solvent. Due to the latter, a single crystal structure of 3 was not able to be obtained, despite several 
attempts. In addition, scanning electron microscopy-energy-dispersive spectroscopy (SEM-EDS) 
analysis confirmed the presence of C, Cu, F and P in 1 (Figure S13), C, Cu and I in 2 (Figure S14), C, 
Cu, F and P in 3 (Figure 15) and C, Cu and I in 4 (Figure S16). 
Electrospray ionization high resolution mass spectrometry (ESI-HRMS) provided evidence that 
singly charged species of type [CuL1]+ and [CuL2]+ persist in solution (Figure 7, 8, S17 and S18). The 
expected isotope patterns for such charged species for the four complexes (1-4) were all found to be in 
excellent agreement with their simulated patterns (inserts in Figure 7, 8, S17 and S18). 
 
Figure 7. ESI-HRMS spectrum of complex 1. The inset shows the isotope pattern for {[CuL1]+. 
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Figure 8. ESI-HRMS spectrum of complex 4. The inset shows the isotope pattern for {[CuL2]+. 
The solid-state UV-vis spectra of L1, 1 and 2 are shown in Figure S19, and those of L2, 3 and 4 in 
Figure S20. The spectra of the ligands in the UV region show intense broad absorption bands at 279 
nm for L1 and 284 nm for L2, which are assigned to the pi–pi* transitions associated with the linked 
aromatic rings. These bands for the Cu(I) complexes 1-4 exhibit red shifts and new broad bands at ~ 
420 nm are present, the latter are assigned to metal-to-ligand charge transfer transitions [16].  
FT-IR and Raman spectra for L1, L2 and 1-4 were recorded at room temperature (Figures S21-24). 
The FT-IR spectra show absorptions in the region 1640-1590 cm-1 that are typical of imine (C=N) 
stretching modes. The FT-IR and Raman spectra of these compounds are very similar and also in 
accord with the presence of C=N groups. 
 
3. Conclusions 
In summary, we report the efficient synthesis of two new tetradentate tripodal ligands (L1 and 
L2) and their Cu(I) complexes, 1-4, incorporating PF6- or I- counter ions and designed to act as 
metalloligands. The structures of both ligands and their Cu(I) complexes have been 
unambiguously characterised by NMR, X-ray crystallography, HR-ESI mass spectrometry, 
SEM-EDS, UV-vis, FT-IR and Raman spectroscopy. Further studies employing these 
metalloligands for the construction of heteronuclear coordination cages (and host-guest 
studies), are ongoing and will be reported in due course. 
 
4. Experimental 
All reagents and solvents were purchased from commercial sources and used without further 
purification. 1H NMR and 13C NMR spectra were recorded on a Bruker 300 MHz spectrometer. High 
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resolution ESI-MS data were acquired using a Waters Xevo QToF mass spectrometer, operating in 
positive ion mode. FT-IR measurements were undertaken on a Bruker Vertex 70 with a diamond ATR 
stage. Data collection was via OPUS 7.2 software without any data processing required. The solid 
state UV-vis spectra were measured in nujol at ambient temperature using a Agilent Cary 100 UV-Vis 
with WinUV software. Spectra were determined from 900-200 nm with a scan rate of 600nm per 
minute. SEM-EDS analysis was conducted on a Joel 6510LV microscope with an attached AMP TEK 
SDD EDS detector. Samples were run at 15kV in low vacuum without surface coating. Moran 
Scientific software was used to collect EDS scans with a 400 second scan collection time. Raman 
spectra were conducted using a Bruker RamanScope III Senterra with a 785nm at 10mW laser source, 
and an integration time of 10 seconds with 10 co-additions. Data collection and processing was 
conducted using OPUS 7.5 software, spectra were normalised then baseline corrections were applied. 
Ligand synthesis 
The syntheses of L1 and L2 involved Schiff base condensation using an adaptation of literature 
procedures [13-15]. 
L1 Tris(2-aminoethyl)-amine (100 mg, 0.68 mmol) in 10 mL of ethanol was added to the solution of 
4-(4-formylphenyl)pyridine (400 mg, 2.18 mmol)) in 20 mL of ethanol leading to a clear yellow 
solution. The mixture was heated to reflux for 3 hours and then the resulting yellow solution was left 
at 60 °C with overnight stirring. The residue obtained after the removal of the solvent was dissolved 
in acetonitrile mixture for recrystallization. The crystallized product was washed with cold acetonitrile 
(3 x 5 mL) to give a yellow solid in 73% yield. 1H NMR (DMSO, 300 MHz) δ (ppm) 8.61 (d, 6H, 
aromatic ring), 8.27 (s, 3H, aromatic ring), 7.70 (m, 18H, aromatic ring), 3.68 (s, 6H, -CH2-), 2.88 (s, 
6H, -CH2-); 13C NMR (DMSO, 75.5 MHz) δ (ppm) 160.59, 150.26, 146.14, 138.74, 136.80, 128.43, 
126.95, 121.07, 59.30 (-CH2-), 54.93 (-CH2-); UV/Vis (solid state in nujol): λmax 279 nm; FT-IR (ATR 
νmax /cm-1): 2807(br), 1640s, 1593s, 1403m, 1226m, 809s, 736s; ESI-HRMS (positive-ion detection, 
CH3OH/H2O): m/z = 642.3224 [H+L1]+ , 664.3193 [Na+L1]+. 
L2 The same method as described for L1 with 4-(pyridine-3-yl)benzaldehyde rather than 4-(4-
formylphenyl)pyridine gave the product in 76% yield as a yellow solid. 1H NMR (DMSO, 300 MHz) 
δ (ppm) 8.90 (s, 3H, aromatic ring), 8.59 (d, 3H, aromatic ring), 8.24 (s, 3H, aromatic ring), 8.05 (d, 
3H, aromatic ring), 7.70 (q, 12H, aromatic ring), 7.46 (q, 3H, aromatic ring), 3.66 (s, 6H, -CH2-), 2.88 
(d, 6H, -CH2-); 13C NMR (DMSO, 75.5 MHz) δ (ppm) 160.73, 148.88, 147.69, 138.86, 135.86, 
134.84, 134.14, 128.49, 127.06, 123.94, 59.44 (-CH2-), 55.09 (-CH2-); UV/Vis (solid state in nujol): 
λmax 283 nm; FT-IR (ATR νmax /cm-1): 2939(br), 1643s, 800s, 706s; ESI-HRMS (positive-ion 
detection, CH3OH/H2O): m/z = 642.3390 [H+L2]+. 
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Complex synthesis 
[CuL1]PF6 (1) Tetrakis(acetonitrile)copper(I) hexafluorophosphate (60 mg, 0.16 mmol) in 10 mL of 
methanol was slowly added to the solution of L1 (100 mg, 0.16 mmol) in 10 mL of methanol, there 
was an immediate colour change from yellow to dark yellow. The reaction mixture was heated at 
50 °C with stirring for 5 h leading to an orange precipitate. The orange powder was collected by 
filtration and it was dissolved in acetonitrile for crystallization. Slow diffusion of diethyl ether into the 
acetonitrile solution of the product resulted in the formation of orange crystals in 62% yield. These 
were allowed to dry in air. 1H NMR (DMSO, 300 MHz) δ (ppm) 8.80 (s, 3H, aromatic ring), 8.27 (br 
s, 6H, aromatic ring), 8.08 (d, 6H, aromatic ring), 7.14 (t, 12H, aromatic ring), 3.99 (s, 6H, -CH2-), 
3.20 (s, 6H, -CH2-); 13C NMR (DMSO, 75.5 MHz) δ (ppm) 162.12, 150.11, 144.89, 139.62, 135.08, 
129.08, 126.58, 120.65, 59.22 (-CH2-), 51.38 (-CH2-); UV/Vis (solid state in nujol): λmax 288, 418 nm; 
FT-IR (ATR νmax /cm-1): 2923(br), 1625m, 1591s, 1404m, 1061m, 833s, 807s; ESI-HRMS (positive-
ion detection, CH3OH/H2O): m/z = 704.2217[Cu+L1]+. Single crystals were taken from the same 
sample and used directly for the X-ray study.
 
[CuL1]I (2) Copper(I) iodide (30 mg, 0.16 mmol) in 10 mL of methanol was slowly added to the 
solution of L1 (100 mg, 0.16 mmol) in 10 mL of methanol; there was a colour change from pale to 
dark yellow. The reaction mixture was heated overnight at 50 °C with stirring, leading to a bright 
orange precipitate. The orange power was obtained by filtration then dissolved in methanol for 
crystallization. Slow diffusion of diethyl ether into the methanol solution resulted in the formation of 
very small crystals which were allowed to dry in air (51% yield). 1H NMR (DMSO, 300 MHz) δ (ppm) 
8.79 (br s, 3H, aromatic ring), 8.28 (br s, 6H, aromatic ring), 8.08 (br s, 6H, aromatic ring), 7.20 (br s, 
12H, aromatic ring), 3.97 (s, 6H, -CH2-), 3.18 (s, 6H, -CH2-); UV/Vis (solid state in nujol): λmax 286, 
425 nm; FT-IR (ATR νmax /cm-1): 2971(br), 1622m, 1593s, 1404m, 1058m, 809s; ESI-HRMS 
(positive-ion detection, CH3OH/H2O): m/z = 704.2556[Cu+L1]+. 
[CuL2]PF6 (3) The same method as described for 1 was employed with the exception that L2 was 
substituted for L1. An orange crystalline product was obtained in 59% yield. 1H NMR (DMSO, 300 
MHz) δ (ppm) 8.78 (s, 3H, aromatic ring), 8.59 (s, 3H, aromatic ring), 8.47 (s, 3H, aromatic ring), 
8.11 (d, 6H, aromatic ring), 7.43 (d, 3H, aromatic ring), 7.08 (d, 9H, aromatic ring), 3.97 (s, 6H, -
CH2-), 3.20 (d, 6H, -CH2-); UV/Vis (solid state in nujol): λmax 301, 419 nm; FT-IR (ATR νmax /cm-1): 
2847(br), 1620s, 1603s, 829s, 804s, 710s; ESI-HRMS (positive-ion detection, CH3OH/H2O): 
704.2552[Cu+L2]+. 
[CuL2]I (4) The same method as described for 2 was employed with the exception that L2 was 
substituted for L1. Orange crystals were obtained and air dry (66% yield).  1H NMR (DMSO, 300 
MHz) δ (ppm) 8.76 (s, 3H, aromatic ring), 8.61 (s, 3H, aromatic ring), 8.48 (s, 3H, aromatic ring), 
8.12 (d, 6H, aromatic ring), 7.48 (br s, 3H, aromatic ring), 7.11 (br s, 9H, aromatic ring), 3.96 (s, 6H, -
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CH2-), 3.19 (s, 6H, -CH2-); 13C NMR (DMSO, 75.5 MHz) δ (ppm) 162.10, 149.15, 147.20, 139.88, 
133.98, 133.79, 133.41, 129.08, 126.63, 123.61, 59.22 (-CH2-), 51.68 (-CH2-); UV/Vis (solid state in 
nujol): λmax 299, 421 nm; FT-IR (ATR νmax /cm-1): 2854(br), 1620s, 1602s, 1473s, 800s, 706s; ESI-
HRMS (positive-ion detection, CH3OH/H2O): 704.2567[Cu+L2]+. A single crystal was taken from the 
same sample and used directly for the X-ray study.
 
Powder X-ray Diffraction (PXRD) 
Powder X-Ray diffraction measurements were conducted on a Bruker D8 ADVANCE 
diffractometer with a PSD LynxEye detector. The X-ray source was Copper K-α1 at 1.54 Å at 40 kV 
and a current of 40mA. Sample scan range was 5-60 degree 2θ with a step size of 0.02° at a rate of 9 
seconds per step. Data processing was conducted through Bruker’s EVA software, with a baseline 
correction and background smoothing applied. 
Single Crystal X-ray Diffraction 
Data were with collected using either an Oxford Gemini Ultra employing graphite monochromated 
Mo-Kα radiation generated from a sealed tube (0.71073 Å) with ω scans at 190(2) K [17], or at 
beamline MX1 of the Australian Synchrotron with Silicon Double Crystal monochromated radiation 
at 100(2) K [18,19]. Data integration and reduction were undertaken with CrysAlisPro [17] or XDS 
[20]. Subsequent computations were carried out using the WinGX-32 graphical user interface [21]. 
Absorption corrections were applied to the Oxford data using CrysAlisPro [17,22]. The structures 
were solved using SHELXT [23] then refined and extended with SHELXL-2014 [24]. Non-hydrogen 
atoms were refined anisotropically. Carbon-bound hydrogen atoms were included in idealised 
positions and refined using a riding model. The crystallographic data in CIF format has been 
deposited at the Cambridge Crystallographic Data Centre with CCDC 1489721-1489722. 
Formula C42H39CuF6N7P, M 850.31, monoclinic, space group P21/c (#14), a 13.6099(17), b 24.491(3), c 
12.914(2) Å, β 116.453(18) °, V 3853.8(11) Å3, Dc 1.466 g cm-3, Z 4, crystal size 0.3 by 0.2 by 0.1 mm, 
colour orange, habit block, temperature 190(2) Kelvin, λ(MoKa) 0.71073 Å, µ(MoKa) 0.679 mm-1, 
T(CRYSALISPRO)min,max 0.94212, 1.00000, 2θmax  61.10, hkl range -9 19, -33 11, -18 11, N 18933, Nind 
10345(Rmerge 0.0894), Nobs 3833(I > 2s(I)), Nvar 514, residuals R1(F) 0.0763, wR2(F
2) 0.2315, GoF(all) 
0.965, ∆ρmin,max -0.482, 0.742 e- Å-3.  
 
Formula C42H39CuIN7, M 832.24, trigonal, space group R3¯ (#148), a 12.4088(18), b 12.4088(18), c 
39.676(8) Å, γ 120 °, V 5290.8(19) Å3, Dc 1.567 g cm-3, Z 6, crystal size 0.05 by 0.05 by 0.01 mm, 
colour orange, habit block, temperature 100(2) Kelvin, λ(Synchrotron MX1) 0.7107 Å, µ(Synchrotron) 
1.537 mm-1, 2θmax  63.75, hkl range -18 18, -17 17, -58 58, N 31848, Nind 3383(Rmerge 0.0639), Nobs 
3217(I > 2σ(I)), Nvar 155, residuals
 
R1(F) 0.0406, wR2(F2) 0.1042, GoF(all) 1.046, ∆ρmin,max -0.615, 
0.853 e- Å-3.  
  
12 
 
Appendix A. Supplementary data 
NMR, ESI-Mass, SEM-EDS, UV-vis, FT-IR and Raman spectra in the supporting information file are 
available online. CCDC 1489721-1489722 contain the supplementary crystallographic data for 1 and 
4. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or 
from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 
(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. 
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